Abstract: Hypertension is a leading cause of cardiovascular disease.
H
ypertension is a well-recognized risk factor for cardiovascular and renal diseases; moreover, even slightly elevated blood pressure (BP) levels lead to increased risk in cardiovascular diseases (CVD) or stroke. 1 Hence, it is one of the leading causes of global burden of disease. 2 As age is an important risk factor for hypertension, 3 the population aging in Western countries exacerbates the situation.
The prevalence of hypertension differs substantially by regions. The eastern parts of Germany reveal a higher prevalence of hypertension than the western parts. [4] [5] [6] Elucidations on this regional disparity are not yet clear. However, similar studies held in European countries have proposed several explanations for diverging poor BP control, for example, high obesity prevalence could mitigate the effects of antihypertensive medications; inappropriate drug prescription or poor patient adherence to medication. [7] [8] [9] In general, prevalence of hypertension is greater in European countries compared with Northern American countries; 10 besides hypertensive patients are less treated and controlled in Europe than in the United States. 11 Regional differences are also found in the awareness of hypertension. 10 Although the prevalence of hypertension has been documented in a number of studies, there are only few on incidence of hypertension in the general adult population. [12] [13] [14] The CARLA Study (CARdiovascular disease-Living and Ageing in Halle) is a population-based cohort study in the general population. 15 First results of a study showed an unfavourable distribution of diabetes mellitus, hypertension, and central obesity in this eastern part of Germany compared with other regions of Germany. 4 Furthermore, the federal state SaxonyAnhalt, where the CARLA study was performed, is characterized by the highest cardiovascular mortality in Germany. 16 Therefore, the aim of our study is to investigate the prevalence and incidence of hypertension in the general population in eastern Germany and its change over time. Additionally, changes in medical treatment and awareness of hypertension over time are investigated. In our study, we report not only the hypertension prevalence as previously done by other German cohorts, but also the yearly incidence over a long follow-up period (9 years in average). Also, we take into consideration the non-response bias, by weighting the incidence for lost to follow-up, which otherwise could influence the results by underestimating the incidence rates.
METHODS

Participants and Setting
The CARLA study is a population-based cohort study in the adult population of the city of Halle/Saale in eastern Germany. Study design and methods were described in detail elsewhere. 15, 17 In brief, subjects were recruited randomly from the population registry in a multistage process. At baseline, 1779 subjects (46% women) aged 45 to 83 years were examined between July 2002 and January 2006. After a mean of 4.0 years of follow-up (standard deviation [SD] ¼ 0.3, minimum ¼ 3.4, maximum ¼ 6.8), 1436 subjects (45% women) took part in the first follow-up examination and after a mean of 8.8 years (SD ¼ 0.7, minimum ¼ 7.5, max ¼ 10.4) 1136 participants (N ¼ 47% women) took part in the second follow-up examination (response rates 92% and 80% for follow-up1 and followup2, respectively, see Figure 1 ). The study was in accordance with the declaration of Helsinki. All participants gave their written informed consent. The study was approved by the local ethic commission of the Medical Faculty of the Martin-LutherUniversity Halle-Wittenberg.
The examinations at baseline and both follow-up investigations included a standardized computer-assisted personal interview, self-administered questionnaires, a medical examination by trained personnel, and drawing of a non-fasting venous blood sample. The standardized, computer-assisted interview collected information on sociodemographic and socioeconomic variables, psychological and biomedical factors, medical history, and use of medication within the preceding 7 days.
Outcome
Measurement of BP was conducted within the medical examination in a sitting position and started after a resting phase of at least 5 minutes. Systolic and diastolic BPs (SBPs and DBPs) were measured with an oscillometric device (OMRON HEM-705CP, OMRON, Tokyo, Japan) 3 times on the left arm with a break of 3min between measurements. BP was defined as the mean of second and third measurement. Medication was coded according to the Anatomical Therapeutic Chemical Classification System (ATC code). ATC codes C02, C03, C07, C08, and C09 were selected to define current use of antihypertensive medication. However, because the indication for taking these medications may be other than hypertension, the antihypertensive medication was only used for defining hypertension if the participant stated a physician-diagnosis of hypertension.
Hypertension was defined as mean SBP 140 mmHg, and/ or mean DBP 90 mmHg, and/or use of antihypertensive medication according to the ATC code, given the participant had known hypertension.
Hypertensive participants were categorized into 1 of the following 4 subgroups: unaware of hypertension; aware of hypertension, but not treated with antihypertensive medication; aware of hypertension and treated, but not reaching BP values < 140 mmHg and 90 mmHg; aware of hypertension and controlled treated.
Statistical Analysis
The prevalence and incidence rate of hypertension was calculated for men and women age-standardized according to the German adult population in the age range 45 to 85 years grouped in 10-year categories (Germany, 31 December 2011) (www.gbe-bund.de). The annual incidence rate was weighted multiplicatively for non-response. 18 For derivation of nonresponse weights, 2 logistic regression models for participation at follow-up1 or follow-up2 were run with baseline variables as predictors (age, sex, smoking status, SBP and DBP, body mass index (BMI), waist-hip-ratio (WHR), alcohol consumption, and education level). The inverse of the probability to participate at each follow-up was calculated and used as drop outs weights.
Distributions of SBP and DBP sex-stratified at each follow-up point and weighted for loss to follow-up are presented as determined with the procedure CAPABILITY. All analyses were conducted using SAS 9.3 (SAS Institute, Cary, NC). Table 1 shows the baseline characteristics of the sample. The CARLA study comprised 1779 subjects with a mean age of 64.9 (SD ¼ 10.2) years for men and 63.8 (SD ¼ 9.9) years for women at baseline. The average BMI at baseline for men was 28.2 kg/m 2 and for women was 28.5 kg/m 2 ; 76% of participants were overweight (BMI 25 kg/m 2 ) according to the WHO definition. 19 Mean SBP was 145.9 mmHg for men (SD ¼ 19.8), 141.7 mmHg for women (SD ¼ 22.8), respectively and mean DBP was 85.9 mmHg for men (SD ¼ 11.2) and 83.2 for women (SD ¼ 10.9), respectively.
RESULTS
At baseline, we observed a noticeably high percentage of hypertensive participants in the study sample: 76.7% males and 71.7% females either had elevated BP or took antihypertensive medication, that is, 1324 participants (74.4%) were classified as hypertensive. It is of notice that with rising age the percentage of hypertensive participants increased (see Table 2 ). The agestandardized prevalence of hypertension at baseline was slightly higher for men than for women (74.3% and 70.2%, respectively). During the first 4-year follow-up, 64 men (33.3% of normotensive men at baseline) and 60 women (31.3% of normotensive women at baseline) developed hypertension. The age-standardized and weighted annual incidence rate from baseline to follow-up1 was very similar for men and for women 2) for DBP from follow-up1 to follow-up2 was registered, whereas for women a decrease of 9.7 mmHg (SD ¼ 21.5) for SBP and 6.1 mmHg (SD ¼ 9.5) for DBP was registered. In the total follow-up time (9 years) for men, a mean decrease of 17.5 mmHg (SD ¼ 24.2) in SBP and of 13.1 mmHg (SD ¼ 11.2) in DBP was noticed, whereas for women, the decrease in SBP was of 15.5 mmHg (SD ¼ 25.4) and in DBP of 10.5 mmHg (SD ¼ 11.1). Figure 2 shows the distribution of SBP and DBP for men and women over time and the shift toward lower BP. The main decrease in BP was seen in participants with hypertension (SBP 140 mmHg or DBP 90 mmHg) at baseline, whereas for those without hypertension, BP did not change overly during the study period (see supplementary digital content 1, http://links. lww.com/MD/A292, which shows less prominent decreases in BP in participants without hypertension at baseline).
Increases in the percentage of anti-hypertensive medication consumption could be seen with increasing age crosssectionally and longitudinally (Figure 3) . At baseline, 23% of hypertensive men between 45 and 55 years took medication and that increased to 81% in men older than 75 years. Additionally, 35% of male hypertensive participants 45 to 55 years at baseline took medication at follow-up1 and 54% of them at follow-up2. This trend is also seen in hypertensive women.
Among participants with hypertension at baseline, only 18% (n ¼ 131) of men and 29% (n ¼ 166) of women were treated and controlled, that is, they got antihypertensive medication and reached BP levels <140/90 mmHg. In contrast, 381 men (51%) and 305 women (53%) had elevated BP, although they were aware of their hypertension, as they were either not treated or not controlled. In general, men were more likely to be unaware of their hypertension (n ¼ 230; 31%) compared with women (n ¼ 110, 19%) and were treated more often without controlling the hypertension. Positive changes in awareness of hypertension were seen over time (Figure 4 ). The percentage of unawareness decreased with time (to 6% for both men and FIGURE 2. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) changes from CARLA baseline (CARLA 0) to follow-up2 (CARLA 2) sex-stratified (follow-up data were weighted for loss to follow-up).
women at follow-up2), whereas the percentage of correctly treated and controlled increased (to 68% and 71%, respectively, for men and women at follow-up2).
DISCUSSION
We found an extremely high prevalence of hypertension in our study of the general adult population at baseline. Moreover, also a high incidence of hypertension was observed during follow-up time. The prevalence of hypertension was higher for men than for women and for older participants. The annual incidence rate in this population was around 8% to 9% for the first 4 years of follow-up and 5% to 6% for the next 5 years of follow-up in men and women aged 45 to 83 years at baseline.
Additionally, for most participants, but especially for those with hypertension at baseline, there are remarkable BP decreases over the follow-up periods, independently from pharmacological or medical intervention. A possible explanation for BP reductions is the awareness of the hypertension status after taking part in the study. Participants with BP values >140/90 mmHg at baseline received a letter with their results and were advised to inform their physician. Therefore, a selective treatment effect could have occurred. All medical examinations and personal interviews at baseline and both follow-ups were done by trained personnel (study nurses). This has implications, as it has been shown that white coat hypertension is smaller for BP measurement made by nurses than by doctors. 20 Hence, the BP decreases seen in our study cannot be due to differences in BP measurements.
Prevalence
Several studies have investigated the prevalence of hypertension in the adult population; however, the results depend on the definition of hypertension. In Germany, comparisons with studies using the same definition of hypertension (SHIP and KORA) show similar prevalence for men (SHIP men aged 45-54 years: 70% to aged 65-74: 81%; KORA men aged 45-54: 46% to aged 65-74: 71%; CARLA men aged 45-54: 59% to aged 65-74: 84%), but higher prevalence for women (SHIP women aged 45-54: 43% to aged 65-74: 75%; KORA women aged 45-54: 37% to aged 65-74: 62%; CARLA women aged 45-54: 55% to aged 65-74: 84%) in all age-ranges. 5 The sex-related differences flatten with increasing age, among women aged 65 to 85 years; the prevalence of hypertension is slightly higher than in men in the same agegroup. This trend has been shown in other studies and is attributed to the role of sex hormones. 21, 22 Furthermore, the prevalence of hypertension increased over time. This finding is consistent with other studies that have analyzed hypertension prevalence. In the National Health and Nutrition Examination Survey (NHANES), hypertension prevalence rises rapidly by age from 7.3% (95% CI 6.4-8.2) for subjects aged 18 to 39 years to 66.3% (95% CI 64.5%-68.1%) in subjects older than 60 years. 23 Our study does not provide direct evidence to explain the higher hypertension prevalence, but, according to the current literature, possible explanations could be an unhealthy lifestyle (alcohol intake, smoking, low physical activity), or increase in BMI. 10, 24, 25 However, it seems unlikely that for the CARLA cohort, the unhealthy lifestyle could be an explanation as alcohol intake, smoking, physical inactivity, and BMI were not excessive. In this regard, further work in progress aims the clarification of determinants of higher hypertension prevalence in this population.
Remarkably, the increase in prevalence of hypertension over time occurs simultaneously with a decrease in mean BP values. The improvement in control may be due, in part, to physician education and changing practice patterns based on the European Society of Hypertension and the European Society of Cardiology guidelines. 26 The status achieved of hypertension awareness at follow-up2 (89% and 88% for men and women) is very high compared internationally 27, 28 and nationally. 6 The differences could be explained by the age differences in the populations, as usually younger men (under 30 years) are less aware of having hypertension. Awareness of hypertension at baseline was similar to that in other regions (SHIP and KORA). 5 But there is also high percentage of treated and not controlled at baseline. A Romanian population study already reported a decrease in hypertension prevalence associated with an increase in hypertension awareness and control, 29 which could also be a reason for the apparent contradiction between increasing prevalence in hypertension occurring simultaneously with a decrease in BP. Further investigation requires the question whether or not only awareness, but also adherence has improved. A recent study showed that good medical adherence was associated with a better BP control. 30 
Incidence
Several studies have reported the incidence of hypertension in the general population. One of the first studies was the Framingham Heart Study, wherein the 2-year hypertension incidence ranged from 4% at ages 50 to 59 years to 6.2% at ages 70 to 79 years in men, and from 4% at ages 50 to 59 years to 8.6% at ages 70 to 79 years in women. 12 In the ARIC study, the annual incidence of hypertension among whites aged 45 to 64 years was 4% for women and men. 31 However, other studies have shown higher annual incidence rates. In Poland, the Pol-MONICA study, the age-adjusted annual hypertension incidence for men was 6% to 8%, and for women 8% to 9%. 32 In Portugal, the EPIPorto study showed annual incidence rates of 6% for women and 7% for men aged 45 to 64 years. 33 Comparisons between different studies reporting incidence rates of hypertension are problematic due to diverse definitions used and differences in the population structure, especially, variances in age range. Nevertheless, the comparison with other studies shows that the annual incidence of hypertension in Halle is as severe, as in Poland or Portugal. This is consistent with the high prevalence of hypertension previously reported in this population 34 and contributes to maintain an upcoming high burden of disease. 35 
Strengths and limitations
This study provides an estimate of the prevalence and incidence of hypertension in an adult eastern German cohort. This information is essential to evaluate the impact of the medical management and increasing awareness for this condition. Nevertheless, some limitations need to be recognized; the estimates of incidence rates are based on relatively small population size, due to the high proportion of hypertensive participants at baseline and to non-response. To correct the nonresponse bias, we have used weighting of the data such that the distribution of observables in the follow-up sample matches the distribution in the baseline population. Additionally, the definition of hypertension used in this study could lead to an underestimation of prevalent and incident cases because of the combination of anti-hypertensive medication and selfreported diagnosis of hypertension, which does not consider participants unaware of their hypertension.
A further question is whether regression to the mean occurred in this population sample. Regression to the mean consists of a random error that happens at repeated measurements on the same subjects that average a non-systematic variation in the observed values around the true mean. The apparent inconsistency of lower BP values but higher hypertension rates at follow-up could be in part a consequence of randomly measured higher baseline BP values. Participants with BP values >140/90 mmHg at baseline received a letter with their results and were advised to inform their physician. Therefore, a selective treatment effect could have occurred.
CONCLUSION
The prevalence and annual incidence of hypertension in this adult population is high and despite recent progresses in BPrelated outcomes, the risk of hypertension remains higher in eastern Germany than in other countries and regions in Germany. Whereas some progress has been made, BP values decreased constantly probably due to a better medical control and patient compliance, there is still the urgent necessity to decrease the incidence of hypertension especially in younger people. A regular and timely control of BP by health professionals together with an improvement of compliance could lead to a better success in hypertension control.
